ruthenium and technetium a r e reviewed f o r t h e i r p o t e n t i a l u t i l i z a t i o n as s u b s t i t u t e s o r supplements f o r conventional resources. 
Rhodium, palladium, ruthenium and technetium a r e produced i n p r a c t i c a l amounts as by-products o f t h e n u c l e a r power i n d u s t r y . These by-products
a r e o f i n t e r e s t because o f t h e i r p o t e n t i a l as supplements o r s u b s t i t u t e s f o r " n a t u r a l " source raw m a t e r i a l s. Unl i ke s t r o n t i u m , c e s i uni, promethiu~ii, e t c . , which can be e x p l o i t e d because o f t h e i r r a d i o a c t i v e p r o p e r t i e s , t h e u t i l i z a t i o n o f t h e p l a t i n u m metals and technetium may be r e a l i z e d i n s p i t e o f t h e i r r a d i o a c t i v i t y .

A knowledge o f t h e r a d i a t i o n c h a r a c t e r i s t i c s o f these elements i s e s s e n t i a l f o r t h e e v a l u a t i o n o f t h e i r p o t e n t i a l uses. T h i s r e p o r t presents d a t a d e s c r i b i n g amount and n a t u r e o f t h e r a d i a t i o n associated w i t h these
by-products and discusses some o f t h e aspects o f t h e r a d i o l o g i c a l hazards associated w i t h t h e i r commercial use.
EXPERIMENTAL
The power r e a c t o r produced rhodium and p a l l a d i u m which were used f o r these experimental measurements were separated f r o m a spent f u e l subassembly from t h e Yankee Reactor. The subassembly c o n s i s t i n g o f UOp c l a d i n s t a i n l e s s s t e e l had an average burnup o f 35,000 MWd/t and was discharged The well-aged rhodium used i n t h e h a l f -l i f e measurement was recovered from s t o r e d Hanford wastes ( 2 9 3 ) and was made a v a i l a b l e t o us by A t l a n t i c R i c h f i e l d Hanford Company. The p a l l a d i u m used f o r t h e dose r a t e measurement a l s o came from t h i s source.
Three samples o f t h e Yankee subassembly were processed t o recover t h e rhodium and palladium. The v e r y h i g h l e v e l o f r a d i o a c t i v i t y made i t necess a r y t o perform t h e i s o l a t i o n and i n i t i a l p u r i f i c a t i o n steps i n a h o t c e l l .
The rods were c u t i n t o 1 i n . s e c t i o n s and were t r e a t e d w i t h 8.OM -n i t r i c a c i d t o d i s s o l v e t h e f u e l . A f t e r e v a p o r a t i o n t o near dryness t o remove most of t h e n i t r i c a c i d and d i l u t i o n w i t h water, t h e s o l u t i o n was s a t u r a t e d w i t h hydrogen s u l f i d e . The p r e c i p i t a t e which was formed contained t h e rhodium and p a l ladium, b u t i t was h i g h l y contaminated w i t h ruthenium, s i l v e r , antimony and t e l l u r i u m and probably technetium. The b u l k of t h e ruthenium was removed by adding s u l f u r i c and p e r c h l o r i c acids and by h e a t i n g t o d i s - A f i n a l p u r i f i c a t i o n was c a r r i e d o u t t o remove t h e r e s i d u a l 1 1 Om Ag 9 1 2 5~b , l o 6~u , 1 3 7~s , 1 3 4~s , as w e l l as minor amounts o f o t h e r r a d i o a c t i v it i e s . The ruthenium and antimony d i s t i l l a t i o n steps were repeated u s i n g i n e r t c a r r i e r s . T h i s was f o l l o w e d by conversion of t h e rhodium and p a l l adium t o s o l u b l e n i t r i t e s and by performiug a s e r i e s o f f e r r i c hydroxide scavenges u s i n g hold-back c a r r i e r s o f s i l v e r and cesium. The rhodium was p r e c i p i t a t e d as potassium r h o d o n i t r i t e and t h e p a l l a d i u m as p a l l a d i u m dimethylglyoximate.
The rhodium and p a l l a d i u m m i x t u r e o b t a i n e d from A t l a n t i c R i c h f i e l d Hanford Company was s l i g h t l y contaminated and i t was t h e r e f o r e , c a r r i e d through t h e f i n a l p u r i f i c a t i o n steps described i n t h e previous paragraph.
RADIATION CHARACTERISTICS OF RHODIUM
The p r i n c i p a l i s o t o p e o f rhodium which i s formed i n power r e a c t o r s i s s t a b l e lo3Rh. U n f o r t u n a t e l y , f r o m t h e s t a n d p o i n t o f u t i 1 i z a t i o n , 02Rh
and 'OZmRh a r e a l s o produced by t h e secondary r e a c t i o n :
The two isomers o f '02Rh a r e r a d i o a c t i v e and a l t h o u g h t h e y a r e produced i n v e r y l o w abundance, t h e i r presence r e p r e s e n t s a h e a l t h hazard i n most a p p l i c a t i o n s f o r which t h e use o f f i s s i o n p r o d u c t rhodium can be p r o j e c t e d . I t i s t h e r a d i a t i o n c h a r a c t e r i s t i c s o f these rhodium a c t i v i t i e s t h a t a r e o f concern i n t h i s study. T h e i r c o n c e n t r a t i o n , ha1 f -1 i v e s , decay schemes, a s s o c i a t e d dose r a t e s and p e r m i s s i b l e c o n c e n t r a t i o n s i n t h e environment a r e p e r t i n e n t i n assessing t h e f e a s i b l e u t i l i z a t i o n o f rhodium produced i n power r e a c t o r s .
CONCENTRATION OF 02Rh AND OZmRh I N FISSION PRODUCT RHODIUM
The i s o t o p i c composition o f rhodium produced i n power r e a c t o r s was determined e x p e r i m e n t a l l y by gamma energy analyses o f t h e h i g h l y p u r i f i e d rhodium separated f r o m t h e spent Yankee f u e l . Three samples c o n t a i n i n g measured amounts o f rhodium i n aqueous s o l u t i o n were counted u s i n g a h i g h r e s o l u t i o n Ge(Li ) d e t e c t o r and a mu1 t i channel p u l se h e i g h t analyzer. The s p e c i f i c a c t i v i t i e s were c a l c u l a t e d f r o m these measurements u s i n g t h e accepted decay schemes. The measured values o b t a i n e d a t t h e t i m e o f measurement f o r t h e 1 02mRh
I n a d d i t i o n t o t h e measurements on t h e
and lo2Rh c o n t e n t o f these samples and t h e v a l u e s c o r r e c t e d f o r decay back t o t h e d a t e o f r e a c t o r d i s c h a r g e a r e g i v e n i n Table 1 . The i s o t o p i c composition o f t h e rhodium f r o m t h e Yankee r e a c t o r i s an acceptable b a s i s f o r e s t i m a t i n g t h e 'OZmRh and lo2Rh l e v e l s f o r l i g h t -w a t e r r e a c t o r s o f c u r r e n t design. Because o f t h e unknown v a r i a b l e s which can a f f e c t t h e g e n e r a t i o n o f these u n d e s i r a b l e isotopes, t h e values o b t a i n e d here should n o t be used f o r p r o j e c t i n g t h e composition o f rhodium i n f u t u r e r e a c t o r design concepts such as t h e LMFBR ( L i q u i d Metal F a s t Breeder Reactor) and t h e HTGR (High Temperature Gas-Cooled Reactor).
A c a r e f u l search was made t o determine i f any gamma e m i t t i u g i s o t o p e s o f rhodium o t h e r than 'OZmRh o r lo2Rh were p r e s e n t i n t h e Yankee samples.
No evidence was found t o i n d i c a t e t h e presence o f photopeaks except f o r those a t t r i b u t e d t o OZmRh o r lo2Rh, and i f o t h e r s a r e p r e s e n t t h e y e x i s t i n i n s i g n i f i c a n t amounts.
HALF-LIVES OF loZmRh AND lo2Rh
The ha1 f -1 i f e o f 'OZmRh has been r e p o r t e d t o be 2.9 y e a r s (495) and The value of the half-1 i f e of 'OZmRh was measured a t t h i s l a b o r a t o r y by following the decay of three specimens of very we1 1-aged rhodium recovered from the stored Hanford waste. The rhodium was 13 years o l d a t the beginning of t h e measurement and therefore, i t was assumed t o contain i n s i g n i f i c a n t amounts of the 206 day o l d '02Rh. This i s assumed because t h e l o 2~h had decayed f o r 23 ha1 f -1 i v e s and therefore, r e t a i n e d o n l y 1 .I x of i t s i n i t i a l a c t i v i t y .
The rhodium used f o r t h e h a l f -l i f e measurement was p a i n s t a k i n g l y p u r i - The samples were counted t w i c e p e r week over a 115 week p e r i o d u s i n g a gamma energy a n a l y z e r system w i t h a h i g h r e s o l u t i o n Ge(Li) diode d e t e c t o r . 4 The c o u n t i n g t i m e was s e l e c t e d t o g i v e a minimum o f 10 counts i n t h e 0.475 MeV photopeak.
The c o u n t i n g data was t r e a t e d by r e g r e s s i o n a n a l y s i s t o o b t a i n t h e measured h a l f -1 i f e and t h e confidence 1 i m i t s . Independent v a l ues were o b t a i n e d u s i n g d a t a from two major photopeaks (0.475 MeV and 0.675 MeV).
The most probable value f o r t h e h a l f -l i f e i s 3.40 2 0.25 years.
DECAY OF 1 0 2 m~h AND 02Rh 02n1~h decays by t h e e l e c t r o n c a p t u r e process. lo2Rh a l s o decays p r e - The gamma e n e r g i e s and y i e l d s a r e g i v e n i n Table 2. The gamma s p e c t r a o f specimens c o n t a i n i n g o n l y loZmRh from w e l l -aged rhodium and a m i x t u r e o f 1 0 2 m~h and lo2Rh f r o m s h o r t cooled r h o d i um a r e shown i n F i g u r e 3.
DOSE RATES FROM FISSION PRODUCT RHODIUM
Massive amounts o f f i s s i o n p r o d u c t rhodium wi 11 produce s i g n i f i c a n t r a d i a t i o n dose r a t e s due t o t h e presence of 1 0 2 m~h and lo2Rh. Actual dose r a t e s were n o t measured experimental l y because t h e a v a i l a b l e amount o f rhodium f r o m power r e a c t o r s was i n s u f f i c i e n t t o g i v e meaningful i n f o r m a t i o n .
However, c a l c u l a t i o n s were performed t o show t h e magnitude o f t h e dose r a t e which w i l l be encountered i n t h e u t i l i z a t i o n o f rhodium. Case 111. The source consisted of a c a t a l y s t bed f o r a 300 ton/day n i t r i c a c i d p l a n t . The c a t a l y s t bed was f a b r i c a t e d o f l a y e r s o f 80 mesh weave i n t h e shape o f a hexagon 54 i n . on the diagonal. The t o t a l weight was 20 kg o f 90% platinum -10% rhodium a l l o y .
The i s o t o p i c compositions o f t h e rhodium used f o r these h y p o t h e t i c a l sources were t h e average values o b t a i n e d f r o m t h e measurements on t h e
rhodium recovered f r o m t h e 33,000 MWd/t Yankee r e a c t o r f u e l . The values used were 1900 $ i / g f o r l o 2~h and 290 ~C i / g f o r OZn1~h a t t h e t i m e o f r e a c t o r discharge.
The dose r a t e s were c a l c u l a t e d f o r d i s t a n c e s o f 1 f t and 1 m from t h e source f o r each o f t h e above cases,and t h e r e s u l t s are g i v e n i n Table 3 . Instead, mass s p e c t r o g r a p h i c a n a l y s i s was used t o determine t h e p r i n c i p a l isotopes,and gamma energy a n a l y s i s was used t o search f o r unknown gamma e m i t t i n g i s o t o p e s . Emission spectrographic a n a l y s i s o f the p u r i f i e d sample i n d i c a t e d t h a t s a t i s f a c t o r y p u r i t y was achieved. The mass spectrographic analyses o f t h e two samples are g i v e n i n Table 4 . a. lo6pd grows i n t h e unseparated f i s s i o n p r o d u c t m i x t u r e from t h e decay o f 1 0 6~~.
The s e p a r a t i o n was c a r r i e d o u t 3.5 years a f t e r r e a c t o r discharge and >90% o f t h e lo6Ru had decayed t o lo6pd a t t h a t date. Using t h e average These steps were c a r r i e d o u t i n t h e presence o f hold-back c a r r i e r s o f c o b a l t , ruthenium, s i l v e r , cesium, and antimony which were t h e most p e r -
s i s t e n t i m p u r i t i e s . Four p u r i f i c a t i o n c y c l e s were r e q u i r e d t o achieve the d e s i r e d p u r i t y . A f t e r t h e l a s t c y c l e , 22 mg o f p a l l a d i u m remained of t h e o r i g i n a l 100 mg s t a r t i n g m a t e r i a l .
The gamma counter used was 3 i n . x 3 i n . NaI ( T I ) c r y s t a l and a
channel pulse-height analyzer. The e f f i c i e n c y o f t h e counting system was known, and i t was p o s s i b l e t o estimate t h e approximate l i m i t o f d e t e c t i o n .
From an e v a l u a t i o n of t h e gamma counting data, i t was concluded t h a t if gamma e m i t t i n g i s o t o p e s o f p a l l a d i u m e x i s t , t h e y are present a t a l e v e l l e s s than 0.02 pCi/g palladium.
DOSE RATE MEASUREMENT OF PALLADIUM
The dose r a t e from r e a c t o r produced p a l l a d i u m was e x p e r i m e n t a l l y measured t o v e r i f y t h a t t h e lo7pd w i l l present no s e r i o u s dose problems t o users. 4 mg/cmL, and a p a l l a d i u m p l a t e o f t h i s t h i c k n e s s should p r e s e n t the same beta dose r a t e as an i n f i n i t e l y t h i c k s l a b of palladium.
There was n o t a l a r g e enough q u a n t i t y o f f i s s i o n p r o d u c t p a l l a d i u m a v a i l a b l e a t t h e time o f the measurement t o p r o v i d e a massive source, b u t a s u i t a b l e source was simulated by p l a t i n g t h e a v a i l
The source used f o r t h e dose r a t e measurement was prepared b y e l e c t r od e p o s i t i n g 0.5 g o f f i s s i o n p r o d u c t p a l l a d i u m on an 8 cm x 8 cm s h e e t o f
n n i c k e l . The t h i c k n e s s o f t h e p l a t e was 8 mg/cmL o r about t w i c e t h e range o f t h e l o 7 p d b e t a .
The dose r a t e was measured by means o f an e x t r a p o l a t i o n chamber b o t h m w i t h and w i t h o u t a 7 mg/cmL absorber. The observed s u r f a c e dose r a t e was 2 0.8 r / h r u n s h i e l d e d and z e r o t h r o u g h t h e 7 mg/cm absorber.
T h i s measurement shows t h a t t h e dose r a t e f r o m f i s s i o n p r o d u c t p a l l a d i u m r e s u l t s p r i n c i p a l l y from t h e low energy b e t a and t h a t t h i s dose i s reduced 2 t o a n e g l i g i b l e l e v e l by a v e r y t h i n s h i e l d . The 7 mg/cm s h i e l d used i n t h e measurement i s e q u i v a l e n t t o t h e human s k i $ and i t can be concluded t h a t b i o l o g i c a l damage, i f any, due t o e x t e r n a l sources o f p a l l a d i u m w i l l be c o n f i n e d t o t h e s k i n s u r f a c e . RADIATION CHARACTERISTICS OF RUTHENIUM
Ruthenium, u n l i k e rhodium and p a l l a d i u m , i s e x t r e m e l y r a d i o a c t i v e a t t h e t i m e o f r e a c t o r discharge. The r a d i o a c t i v i t y i s f r o m t h e decay o f lo3Ru and '06Ru. There a r e no o t h e r r u t h e n i u m i s o t o p e s l i k e l y t o be formed
which have h a l f -l i v e s g r e a t e r t h a n a few hours. lo3Ru has a h a l f -l i f e o f 39.5 days and l o 6~u has a~h a l f -l i f e o f 368 days. (9) The c o n t r o l l i n g r a
d i o a c t i v i t y i s due t o '06Ru, and a l t h o u g h i t i s p r e s e n t i n huge amounts i n i t i a l l y , i t s decay r a t e i s r a p i d enough so t h a t e v e n t u a l u t i l i z a t i o n i s n o t r u l e d o u t . However, f i s s i o n p r o d u c t r u t h e n i u m can be c o n s i d e r e d t o be a u s a b l e r e s o u r c e o n l y a f t e r l o n g t e r m s t o r a g e . COMPOSITION OF FISSION PRODUCT RUTHENIUM
Reactor produced r u t h e n i um c o n t a i n s t h e stab1 e i s o t o p e s "Ru, loORu, lolRu, '02Ru and lo4Ru as w e l l as t h e r a d i o a c t i v e i s o t o p e s lo3Ru and 06Ru. 
The lo3Ru (39.6 days) i s n o t o f concern s i n c e i t has a r e l a t i v e l y s h o r t h a l f -l i f e and i t w i l l have decayed t o a minor f r a c t i o n o f t h e t o t a l ruthenium r a d i o a c t i v i t y by t h e time t
When c o n s i d e r i n g t h e r a d i a t i o n c h a r a c t e r i s t i c s o f f i s s i o n p r o d u c t rutheniuni, i t i s necessary t o take i n t o account both t h e decay o f t h e lo6Ru and i t s s h o r t -l i
t l y t o t h e ground s t a t e o f lo6pd, b u t t h e remainder go t o e x c i t e d s t a t e s which decay t o t h e ground s t a t e w i t h t h e emission
HEAT GENERATION FROM THE DECAY OF FISSION PRODUCT RUTHENIUM
The amount o f heat g e n e r a t i o n from t h e decay o f l o 6~u and i t s daughter I o 6~h w i l l be a f a c t o r i n t h e design o f recovery and storage f a c i l i t i e s used f o r ruthenium recovery. The heat g e n e r a t i o n has been c a l c u l a t e d from t h e decay energies. The t o t a l r a t e i s 9.76 W/kCi o f l o 6~u . T h i s r a t e i n c l u d e s t h e energy released f r o m t h e decay o f b o t h p a r e n t and daughter. O f t h i s , 9.7 W comes f r o m t h e daughter. Based on t h e lo61(u c o n t e n t a t r e a c t o r d i scharge as g i v e n i n Table 5 , t h e r a t e i s 2.1 t o 2.6 kW/kg o f s t a b l e ruthenium. 
RADIATION CHARACTERISTICS OF TECHNETIUM The o n l y known technetium i s o t o p e expected t o be found i n r e a c t o r f u e l s a t t h e t i m e o f processing i s "TC. "TC i s a p u r e b e t a e m i t t e d w i t h a h a l f -
I t i s l i k e l y t h a t
sinall amounts o f 9 8~c a r e formed by a (n,2n) r e a c t i o n w i t h "TC. The a c t i v i t y due t o 9 8~c would be v e r y small because o f t h e r e l a t i v e l y small c r o s s -s e c t i o n f o r the (n,2n) r e a c t i o n and t h e v e r y l o n g h a l f -l i f e o f 9 8~c 6 (1.5 x 1 0 y e a r s ) . 9 8~c decays w i t h emission o f e n e r g e t i c gammas. T h i s emission would be e a s i l y d e t e c t a b l e b u t no evidence f o r i t s presence has been r e p o r t e d . A l l o t h e r known i s o t o p e s o f technetium which c o u l d be found have h a l f -l i v e s o f no more than a few hours, and t h e y w i l l have decayed t o n e g l i g i b l e l e v e l s by t h e t i m e t h e spent f u e l s a r e processed.
No experimental work was c a r r i e d o u t i n t h i s study t o e v a l u a t e t h e r a d i a t i o n c h a r a c t e r i s t i c s o f technetium. I n p r e v i o u s work t h e s u r f a c e dose
r a t e f r o m a source o f technetium was measured. ( I 2 ) The measurement was made u s i n g a p i e c e o f pure technetium metal 0.037 i n . t h i c k which i s essent i a l l y i n f i n i t e f o r t h e 0.292 MeV "TC beta. The measured s u r f a c e dose was 1250 rad/hr. Almost t h e e n t i r e dose r a t e was due t o t h e b e t a emission.
The maximum range o f t h e "TC beta i s l e s s than 80 mg/cm2. Very l i t t l e s h i e l d i n g i s r e q u i r e d t o reduce i t s dose r a t e t o a safe working l e v e l . A t t h i s l a b o r a t o r y , when working w i t h q u a n t i t i e s f r o m a few grams t o several hundred grams, t h e necessary s h i e l d i n g t o t h e hands was p r o v i d e d by wearing two p a i r s o f surgeons gloves.
RADIOLOGICAL ASPECTS RELATED TO THE USE OF RHODIUM, PALLADIUM, RLITHEN l'UM AND TECHNETIUM
The r a d i a t i o n c h a r a c t e r i s t i c s o f t h e isotopes o f Rh, Pd, Ru and Tc d i s -
cussed above a r e summarized i n Table 7 .
Each o f t h e elements has a r a d i ol o g i c a l l y s i g n i f i c a n t amount o f r a d i o a c t i v i t y associated w i t h i t , and any g i v e n a p p l i c a t i o n must be evaluated i n terms o f t h e r a d i o l o g i c a l hazards
i n h e r e n t i n t h e use o f such m a t e r i a l s .
The 1 i m i t i n g a c t i v i t y i n rhodium i s t h e 3.4 y e a r l o Z m~h ; 368 day 0 6~u
i s t h e l i m i t i n g a c t i v i t y i n ruthenium. F i g u r e 6 shows g r a p h i c a l l y t h e decay o f t h e r a d i o a c t i v e components i n rhodium and ruthenium. Palladium and technetium each have one r a d i o a c t i v e component. I n both cases t h e h a l f -l i v e s a r e v e r y long, and t h e r e f o r e , they both have e s s e n t i a l l y c o n s t a n t s p e c i f i c a c t i v i t i e s .
The r a d i o l o g i c a l f a c t o r s which need t o be considered i n e v a l u a t i n g t h e p o t e n t i a l use o f any o f these elements i n c l u d e t h e d i r e c t e f f e c t s o f r a d i at i o n , t h e p o t e n t i a l f o r d i s p e r s i o n i n t h e environment and t h e p o s s i b l e con-
t a m i n a t i o n o f " n a t u r a l " source r h o d i um, p a l 1 adium and r u t h e n i um due t o r e c y c l i ng and reuse.
EXTERNAL RADIATION
The d i r e c t e f f e c t s o f r a d i a t i o n stem f r o m t h e dose r a t e s from e x t e r n a l sources o r i n t e r n a l sources ( r e s u l t i n g from i n g e s t i o n o r i n h a l a t i o n ) .
Rhodium, ruthenium and technetium a l l g i v e r i s e t o s i g n i f i c a n t e x t e r n a l dose r a t e s which r e q u i r e t h e use o f s p e c i a l p r o t e c t i v e measures such as r a d i a t i o n s h i e l d s , remote manipulation, e t c . Palladium, on t h e o t h e r hand, generates an i n s i g n i f i c a n t e x t e r n a l dose r a t e and t h e p r i n c i p a l safeguard r e q u i r ement i s t h e p r e v e n t i o n o f i n g e s t i o n o r i n h a l a t i o n . To p l a c e t h e magnitude o f e x t e r n a l dose r a t e s i n perspective, t h e example of t h e n i t r i c a c i d p l a n t c a t a l y s t bed i s used. T h i s bed c o n t a i n i n g 2 kg o f f i s s i o n product rhodium generates a dose r a t e o f 420 mR/hr a t 1 m assuming 2.5 y e a r cooled rhodium. The problems a t t e n d a n t t o t h e f a b r ic a t i o n , handling, and plant-use o f such a bed a r e severe and would undoubtedly r e q u i r e a h i g h l y r e s t r i c t i v e l i c e n s e . This same c a t a l y s t bed f a b r i c a t e d of 20-year-old rhodium would generate a dose r a t e of o n l y 11 mR/hr a t 1 m, b u t even a t t h i s l e v e l s p e c i a l precautions would be r e q u i r e d . dium. I f t h i s palladium c o n t a c t i s placed on t h e s k i n , t h e dose r a t e w i l l be 1.6 r a d / h r because a l l t h e lo7pd beta energy w i l l be absorbed i n a
volume element d e f i n e d by t h e w i d t h o f t h e c o n t a c t and t h e range o f t h e
lo7pd beta. Since a l l t h e energy i s absorbed i n t h e skin, t h e dose may n o t be b i o l o g i c a l l y s i g n i f i c a n t . The e x a c t s i g n i f i c a n c e o f t h i s dose t o -t h e s k i n i s y e t t o be defined.
INTERNAL RADIATION
Another s e t o f c a~c u l a t i o n s were made t o show t h e i n t e r n a l hazard o f radiopalladium. I n t h i s case, i t was assumed t h a t 10 g and 1000 g o f i n s o l u b l e Pd were ingested w i t h no b i o l o g i c a l adsorption. Table 8 summari zes these c a l c u l a t i o n s . Small I n t e s t i n e 400 0.167 0.088 8.8
Upper I n t e s t i n e 220 0.542 0.520 52 .O Lower Large I n t e s t i n e 135 24.000 37.900 3790.0 S u l l i v a n , e t a l . , ( I 4 ) have introduced m i l 1 i c u r i e amounts of i n s o l u b l e Once again using t h e example o f t h e c a t a l y s t bed f o r a n i t r i c a c i d p l a n t and t h e MPC values f o r rhodium, a "worst" case d i s p e r s i o n has been c a l c u l a t e d . Assuming a c a t a l y s t bed c o n t a i n i n g 2 kg o f 2 y e a r cooled dispersed i n t h e atmosphere, i t would have t o be d i l u t e d i n o n l y 6 3 2 x 10 m o r 5 x 1 0 -~, m i~ t o a t t a i n the l i m i t i n g a i r MPC. For t h e same case i n which t h e c a t a l y s t i s completely dispersed i n an i n s o l u b l e form \ 5 i n water, t o t a l volume of water would have t o be 2 x 10 g a l l o n s o r 0.61 acre f e e t t o be w i t h i n t h e s t a t e d MPC values f o r water. These extreme examples a r e intended t o show t h e magnitude o f t h e hazard which might be encountered. Even t h i s "worst" case does n o t r e p r e s e n t an event o f c o n s t r a i n t s may p r e v e n t usage i n t h e near tenn.
Pu i n t o t h e i n t e s t i n e s o f r a t s w i t h o u t d e t e c t
